Interim guidelines to prevent sexual transmission of Zika virus (ZIKV) do not recommend diagnostic testing, because the knowledge of viral kinetics in semen after acute infection is limited. We studied the presence and duration of ZIKV in semen after onset of symptoms.
Introduction
The World Health Organization (WHO) declared the Zika virus (ZIKV) epidemic in the Americas a Public Health Emergency of International Concern because of its association with microcephaly in newborns and Guillain-Barré syndrome 1 . ZIKV is primarily transmitted by
Aedes mosquitoes in endemic areas, but person-to-person transmission via infected semen has been undisputedly demonstrated. To date, ten countries have reported sexual transmission of ZIKV 2 . Partners of either sex, who had not traveled and lived in areas without arthropodborne transmission, developed Zika virus disease (ZVD) after oral, vaginal or anal sex with infected men [3] [4] [5] . Infection of the partner occurred for up to 41 days after the index infection 6 .
Sexual transmission was also demonstrated in an asymptomatic couple seeking Assisted
Reproduction Treatment (ART) 7 . Up to 80% of ZIKV infections may be asymptomatic 17 .
ZIKV RNA has been detected in semen by reverse-transcriptase polymerase chain reaction (RT-PCR) for as long as 62 days after infection [8] [9] [10] . A case report documenting longitudinal follow-up of semen with ZIKV RNA levels declining to undetectable at day 62 post infection, was recently published 11 . ZIKV replication competence was demonstrated by isolation of the virus from semen, more than two weeks after the onset of ZVD 4 .
Pending the emergence of new evidence, the WHO and the Centers for Disease Control (CDC) issued interim guidance to prevent sexual transmission of ZIKV 2, 12 . For men and women returning from areas with known vector-borne ZIKV transmission, a distinction between symptomatic or asymptomatic infection is made. Current recommendations include safer sex practices or abstinence for at least 8 weeks after potential exposure and 6 months if the male partner had symptomatic ZVD. These timeframes are based on estimates of the maximum incubation period for ZIKV or related flaviviruses, and they allow for variability in individual's immune responses. Diagnostic testing for ZIKV infection or routine testing to detect ZIKV in semen is currently not recommended 2, 13 because the understanding of the duration and pattern of seminal shedding of ZIKV is limited.
To assess the incidence and kinetics of ZIKV infection of semen after acute ZVD, a prospective cohort study has started at the Institute of Tropical Medicine in Antwerp (ITM) (ClinicalTrials.gov, NCT 02733796). Here we report the preliminary findings after enrolment of the first 4 patients.
Methods
A prospective observational cohort study was designed to study the presence, persistence and (Figure) . Attempts to isolate ZIKV from semen were not successful.
Microscopic hematospermia was observed in semen from day 31, 41, 59 and 68.
Oligospermia with normal morphology was present on day 31. Sperm counts increased to normal in subsequent samples (Table) .
Patient 2 is a healthy 33-year old man living in Port-au-Prince, Haiti, who consulted our clinic via Email because of painless hematospermia, 8 days after a flulike illness with fever and arthralgia. He developed an exanthema that lasted from 3 to 5 days after fever onset.
Urine and semen were collected in Haiti and sent to our laboratory. ZIKV infection was confirmed by RT-PCR on urine collected on day 16. Semen samples in collection tubes were obtained on days 16, 44 and 50, and semen blotted on filter paper in Haiti on days 16, 31, 44, 50, 56 and 64. The Ct-value in semen on day 16 was lower than the Ct-value in the urine collected on the same day (Table) . ZIKV-RNA levels in semen gradually declined to undetectable on day 56 (Figure) . The samples collected in Haiti were not suitable for microscopic analysis, cell counts, and viral culture.
Patient 3 is a 46-year old man who had fever, exanthema and myalgia after a holiday in (Table) .
Patient 4 presented with fever and mild diarrhea after returning from Guadeloupe. ZVD was confirmed by RT-PCR on day 4 after symptom onset (Ct-value 31.77). No ZIKV-RNA was detected in a semen sample obtained on day 10, but RT-PCR on urine was still positive on day 11 (Ct-value 32.88). The semen sample showed oligospermia, with 112 leucocytes and 12 erythrocytes (Table) .
Discussion
We report on the first inclusions in a prospective observational cohort, designed to study the Sequential semen samples of patients 1 and 2 showed increasing Ct-values until ZIKV became undetectable, after 68 and 56 days respectively. Our findings confirm earlier reports [8] [9] [10] [11] . Follow-up was too short to exclude the possibility of recurrence, but the decline of ZIKV-RNA levels in semen observed in our patients suggests elimination of the virus.
ZIKV-RNA was successfully recovered from semen blotted on filter paper by a patient at home. This technique facilitates the collection, storage and shipment of semen samples to reference laboratories.
In spite of low Ct-values, isolation of ZIKV from the semen of our patients was not successful. This could indicate degradation of the virus, although others have demonstrated ZIKV replication competence in semen up to 18 days after the onset of ZVD 3, 8, 10 . Therefore, we consider technical difficulties a better explanation for our failed attempt.
Because of the steady decline of ZIKV-RNA levels observed in sequential semen samples of our patients, we hypothesize that the testes are seeded during the viremic phase. Viral replication would then be contained in the immunoprivileged reservoir of the seminiferous epithelium. Interestingly, the kinetics of seminal shedding of ZIKV in our patients coincide with the duration of human spermatogenesis, which takes 69 to 80 days 14 . Host-pathogen relationships and possible lasting effects of ZIKV infection on reproductive function need
clarification. An animal model is available for further study; in immunodeficient mice with experimental ZIKV infection, the highest levels of viral replication were found in the testes and brain 15 .
Both patients with ZIKV-RNA positive semen had hematospermia. Patient 2 reported macroscopic hematospermia 8 days after onset of ZVD. In patient 1 it was detected by microscopy. Neither patients had symptoms of urinary tract infection. Hematospermia following ZVD has been reported 8, 16 . If future studies corroborate our findings, the data we present contribute to a more rational approach to reduce the risk of sexual transmission of ZIKV.
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